The enthalpies of solution for 1,2-, 1,3-, 1,4-and 2,3-butanediol in water, formamide and dimethylsulphoxide were determined by calorimetry. From the results and data available in the literature for the enthalpy of vaporisation, the enthalpy of solvation was determined. The enthalpy of solvation was decomposed into two terms, cavity formation in the solvent to hold the solute and solute±solvent interaction. #
Introduction
The present paper intends to be a contribution to the understanding of the behaviour of polyols towards polar solvents in particular towards water. This is an important scienti®c topic because polyols, as well as polyfunctional compounds in general, are part of systems of biological interest. The interaction of this type of solutes with water as well as the interaction of the solute molecules between themselves play a key role in the interpretation of many biological processes.
Butanediols form a group of compounds which allow the investigation of many aspects arising in polyol solutions. In fact, they are relatively simple molecules, the molecular backbone gives rise to different conformations, both polar and non-polar moieties are signi®cant, the distance between the polar groups varies from one positional isomer to the other and internal hydrogen bonds of different strength are possible [ 1± 4] .
In this work butanediol positional isomers were used as solutes and water (W), formamide (FMD) and dimethylsulphoxide (DMSO) were used as solvents. Enthalpy of solution is the property used in this study.
The role of the polar solvents can be understood when studies involving various solvent media are also considered. In particular the behaviour of water can be evidenced by comparing the results obtained for the three liquids used.
From the enthalpy of solution, the enthalpy of solvation was determined for those isomers which have values quoted in the literature for the enthalpy of vaporisation.
To estimate the enthalpy due to solute±solvent interactions from the enthalpy of solvation, the enthalpy for the formation of a cavity in a solvent was calculated using scaled particle theory (SPT) [5, 6] . Thermochimica Acta 344 (2000) 3±8
Experimental
High grade isomeric butanediols, purity >99%, were used without further puri®cation. FMD and DMSO were the best grade available, water content 0.03% for the former and 0.01% for the latter. High purity water delivered by a Millipore puri®er unity was used. All organic compounds were handled in a dry box in order to avoid contamination with water from atmosphere. Apparatus and techniques used in the determination of the enthalpy of solution were described previously [7] .
Results
The results obtained for the enthalpy of solution are given in Tables Table 2 Enthalpies of solution of isomeric butanediols in different solvents at 298.15 K A much deeper insight into solvation can be achieved by taking into account the intrinsic effect of the solute considered as a hard core particle on the solvent structure. To do this, the enthalpy of solvation can be considered as a sum of two terms: the enthalpy needed for creating a cavity in the solvent to hold the solute molecule, D cav H, and the enthalpy corresponding to the intermolecular forces up by the solute in solution, D int H 0 . This term is related to D solv H 0 by the following expression [11] 
where is the isobaric expansibility coefficient of the solvent and the last two terms of the right-hand side of the equation account for the solute standard states in gas and solution phases. D cav H was calculated using Table 5 . For the concentration range studied D sol H dependence on concentration can be expressed by the following equation
The value for the pairwise coefficient, h xx , are evaluated by linear regression and can be found in Table 6 . The values obtained for h xx can only be compared with those determined for the three isomeric butanediols in water by the dilution microcalorimetry technique [12] . They are of the same order of magnitude of those obtained in this study. All uncertainties are expressed as twice the standard deviation. Table 4 Enthalpies of solution of isomeric butanediols in different solvents at 298.15 K 
Discussion
In former work [13] the authors presented arguments in favour of the interpretation of the thermodynamic data obtained for the solvation process based on D int H 0 rather than on D solv H 0 . The reason for this lies in the signi®cant contribution to solvation from the cavity term in polar solvents and the variations observed from one solvent to another. From this point of view, water is a special solvent as for as its D cav H much lower than the values found for organic solvents. The effect of the differences in D cav H between solvents on D solv H 0 may lead to controversal molecular models of solvation [14±17] if they are based on this property. This conclusion is also true for the systems studied in the present work.
Comparison of the results obtained for D solv H 0 of a given isomer in the three solvents would lead to the conclusion that solute±solvent interactions are stronger in water than in the other liquids. This unexpected conclusion is modi®ed when D int H 0 is considered. This property gives as an order for solvation in qualitative agreement with the dipole moment of the solvents, as would be expected. The order observed for solvation is, then, W < FMD < DMSO.
Butanediol isomers give rise to different D int H 0 values. For any solvent this property becomes more negative as the distance between the hydroxyl groups of the solute increases. An increase of 3.2± 3.5 kJ mol À1 is observed when one goes from 1,2-to 1,3-and from this to the 1,4-isomer in water. In the organic solvents about 1 kJ mol À1 is the difference between D int mol À1 for the 1,2-and 1,3-isomers, but an increase of 5 kJ mol À1 is observed on going from this last isomer to 1,4-butanediol.
It is worthwhile comparing the results obtained in this work for butanediols with those given for aliphatic open chain monofunctional alcohols in the same Although this study is limited to dilute solutions, the variation of D sol H with concentration shows the existence of solute±solute intermolecular forces. The results obtained for h xx cannot be correlated for the various systems, but a few general trends can be drawn. As the values obtained for this coef®cient are positive, the interactions involve the solvent. Very likely the solute association, which will give rise to a negative enthalpy value, is accompanied by release of solvent molecules whose contribution overcomes the former effect. Water proves to be a stronger association promoter than the organic solvents. 
